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Introduction
Cirrhosis is associated with high mortality rates, and is the main indication for liver transplantation. It is a heterogeneous clinical condition that includes patients with different causes of chronic liver disease and at wide-ranging stages of severity. Hence, precise long-term prognosis assessment for these patients is required. Although several studies have provided data on the natural history of alcoholic liver disease (ALD), chronic hepatitis C virus (HCV) infection and nonalcoholic fatty liver disease (NAFLD), the outcome of cirrhosis according to the cause of the disease has been poorly investigated. More particularly, current available data regarding the overall prognosis as well as the risk of hepatocellular carcinoma (HCC) among patients with ALD-related cirrhosis are controversial. A poor survival has been reported among cirrhotic patients with ALD compared to those with HCV infection [1] while other studies have indicated that the cause of liver disease does not affect prognosis [2] [3] [4] [5] . In addition, chronic HCV infection may confer a greater risk of HCC than ALD or NAFLD [3, 4, [6] [7] [8] . Overall, the prognosis of patients with ALD-related cirrhosis remains poorly defined and further studies assessing whether ALD confers a different prognosis among patients with cirrhosis than chronic HCV infection or NAFLD are essential to improve patient care.
Accurate analysis of cirrhotic patient's outcomes requires a large sample of individuals followed for a long period of time and the use of appropriate models of disease progression. For this purpose, we sought to assess the development of HCC as well as all-cause of mortality and liver-related mortality among patients with cirrhosis according to the etiology of liver disease using competing risk analysis. We followed a large series of patients with cirrhosis due to ALD, chronic HCV infection or NAFLD consecutively seen in a single center during a 21-year period and we collected data related to the occurrence of HCC and death.
Materials and methods Patients
Between January 1995 to December 2014, all patients referred from the outpatient clinic at Jolimont Hospital were consecutively enrolled by one of us in a registry if they fulfilled the following criteria: (1) age >18 years; (2) cirrhosis demonstrated by liver biopsy showing fibrotic nodules consistent with a METAVIR F4 fibrosis stage or by unequivocal signs of cirrhosis (dysmorphic liver, ascites, esophageal or gastric varices); (3) cirrhosis related to ALD, chronic HCV infection or NAFLD. All stages of cirrhosis were included. Patients with cirrhosis unrelated to one of these causes were excluded, as well as patients who developed HCC or who died within 3 months of their inclusion in the registry. HCV patients with excessive alcohol intake (more than 210 g/week for men and more than 140 g/week for women) were also excluded. During follow-up, patients were followed as outpatients every six-months, or more frequently if required. Data related to the development of HCC, to the occurrence of liver transplantation or death were collected. Examination by Doppler ultrasonography was performed every 6 months for HCC surveillance. When this registry began, written informed consent and ethical committee approval were not mandatory. As this registry has not been granted ethics committee approval prior to commencing, retrospective ethics approval cannot be obtained. However, patients were informed about their participation to an observational registry as soon as it became a rule for an observatory study to ask patient's consent and patients gave informed consent verbally.
Data collection
Baseline data and follow-up data related to the occurrence of HCC, death and causes of death were recorded. For patients lost to follow-up, patient charts were retrospectively reviewed, and in case of missing data, patients' family and/or their general practitioner were contacted to know if the patient was alive and, in case of death to obtain information on time and cause of death. The last data were collected on 31 st December 2015.
Etiology of liver disease
Patients were divided into 3 groups according to the cause of cirrhosis: ALD, chronic HCV infection or NAFLD. The determination of the main cause of cirrhosis was made at inclusion in the registry using a set of clinical, biological, morphological and histological data. Most of these data were confirmed on multiple occasions during follow-up. The diagnosis of ALD was based on the following criteria: (1) history of excessive chronic alcohol intake greater than 210 g/week for men and greater than 140 g/week for women during several years; (2) absence of another obvious cause of cirrhosis. The diagnosis of chronic HCV infection was based on the following criteria: (1) detection of anti-HCV; (2) positivity for HCV RNA; (3) absence of excessive alcohol consumption (less than 210 g/week for men and less than 140 g/week for women); (4) absence of another obvious cause of cirrhosis. Anti-HCV antibodies were determined using a chemiluminescence immunoassay (Architect 1 anti-HCV assay; Abbott Diagnostics, Abbott Park, IL, USA). Levels of serum HCV RNA were quantified by real-time PCR. Two standardized PCR tests were used for HCV RNA detection and quantification: COBAS AMPLICOR™ Hepatitis C Virus (HCV) Test, version 2.0 (v2.0) with a detection and quantification limit of 50 IU/ml (before 2008), or Abbott RealTime HCV with a detection and quantification limit of 12 IU/ml (after 2008). The diagnosis of NAFLD was based on the following criteria: (1) absence of excessive alcohol consumption (less than 210 g/ week for men and less than 140 g/week for women); (2) absence of another obvious cause of cirrhosis; (3) when liver biopsy was performed, presence of histological features of NAFLD. The diagnosis of NAFLD was also considered in case of cryptogenic cirrhosis with features of metabolic syndrome such as obesity and/or diabetes [9, 10] .
Study outcomes
The main end-points were the development of HCC and death. Diagnosis of HCC was made by non-invasive radiological criteria using contrast-enhanced imaging techniques showing contrast uptake in the arterial phase and washout in the venous phase according to guidelines at that time (in most cases, one imaging technique for nodules >2 cm and two coincidental techniques for nodules 1-2 cm in diameter) or by histological examination. Deaths due to HCC or decompensation of cirrhosis (either acute-on-chronic liver failure or end-stage liver disease) were considered liver-related. All other causes of deaths were considered non liverrelated. from the date of inclusion to the date of first detection of HCC or death. We used cumulative incidence functions to describe the probability of an endpoint at a given time, as recommended [11] . The risk of HCC was described with the cumulative incidence function taking into account death from liver decompensation, death from non liver-related causes and liver transplantation as competing risks. The risk of death was estimated with the cumulative incidence function taking into account liver transplantation as a competing risk. The risk of liverrelated death was estimated with the cumulative incidence function taking into account death from non liver-related causes and liver transplantation as competing risks. The Gray's test was used to test the causes-specific death differences [12] . Average annual rates were estimated as numbers of events divided by the number of person-year at-risk. All results were reported with their 95% confidence interval (95% CI).
Statistical analysis
We conducted univariate and multivariate Fine and Gray proportional hazards models to identify factors associated with HCC or death. Covariates included in the multivariable model were age, gender and etiology of cirrhosis. Then, we calculated Akaike information criterion (AIC) values by adding other variables using a forward step by step approach [13] [14] [15] . Variables available in less than 75% of the patients were not considered in multivariate analyses. To avoid bias related to the effect of colinearity, when Child-Pugh or MELD scores were included in multivariate analysis, their constituent variables were not considered. Hazard ratios (HR) were reported with 95% CIs. All tests were two-tailed and a p-Value of less than 0.05 was considered to be statistically significant.
In patients with cirrhosis related to ALD, the impact of abstinence on patient prognosis was assessed. Abstinence was defined as discontinuation of any alcohol intake within the first 12 months following the first visit. In patients with cirrhosis related to HCV infection who received antiviral treatment, we assessed the impact of viral eradication on the occurrence of HCC, death and liver-related death as follows. First: viral eradication was considered to be a variable that could change over time. For patients receiving antiviral treatment and reaching sustained virological response (SVR, defined by undetectable HCV-RNA 24 weeks after the end of treatment), observation time was censored when successful antiviral treatment was ended. This choice was justified by the fact that SVR patients were all HCV RNA-negative at the end of a successful antiviral treatment. Patients having reached SVR were considered as non-SVR patients until the end of the successful treatment, and thereafter as SVR patients until the end of the follow-up. Second: the association between viral eradication and each endpoint was tested in univariate and multivariate analyses.
Univariate analyses were performed using NCSS 2007 software (NCSS, Kaysville, UT, USA). Fine and Gray proportional hazards models, cumulative incidence function and AIC stepwise procedure were analyzed using Anaconda 2.7 a free distribution of the Python programming language (Python Software Foundation. Python Language Reference, version 2.7.), the python module Rpy2 (Available at https://pypi.python.org/pypi/rpy2) to link python with R 3. 
Results

Study population
Fig 1 presents the flowchart of the study population. From January 1995 to December 2014, 932 patients with cirrhosis were identified. Of these patients, 94 were excluded because they had cirrhosis related to chronic hepatitis B virus infection (n = 35), autoimmune hepatitis (n = 27), genetic hemochromatosis (n = 15), chronic hepatitis D virus infection (n = 1), druginduced liver disease (n = 10), cardiac disease (n = 1) or cirrhosis of an unknown cause (n = 5). In addition, 74 patients were excluded because they died or suffered from HCC within the first 3 months following their inclusion. Lastly, 12 HCV patients were excluded because of excessive alcohol intake. Thus, 752 patients were included. There were 529 (70%) patients with ALDrelated cirrhosis, 145 (19%) with HCV-related cirrhosis, and 78 (10%) with NAFLD-related cirrhosis. The diagnosis of cirrhosis was made by liver biopsy in 418 patients (56%). The median time from inclusion to last available data was 58 months (95% CI: 52-63, 55 months Patient outcomes according to the etiology of cirrhosis among ALD patients, 91 months among HCV patients and 50 months among NAFLD patients, p<0.001). 14 patients were lost to follow-up with no available data related to death, causes of deaths or liver transplantation.
Baseline data
Baseline patient's characteristics are shown in Table 1 . The median age was 57 years (95% CI: 57-58) and 479 patients were male (64%). When compared to HCV and NAFLD patients, ALD patients were younger (56 vs. 67 vs. 63 years; p<0.001) and had worse liver function (percent of patients with Child-Pugh stages B or C: 48% vs. 8% vs. 17%, respectively; p<0.001).
HCC, deaths, causes of death and liver transplantation
Data related to HCC, death and liver transplantation occurring during the study period are reported in S1 Table. Eighty-five patients developed HCC (11%). Among these patients, 38 had ALD-related cirrhosis (7% of all ALD patients), 35 had HCV-related cirrhosis (24% of all HCV patients) and 12 had NAFLD-related cirrhosis (15% of all NAFLD patients) (p<0.001). HCC was diagnosed during HCC surveillance with Doppler ultrasonography examination performed every 6 months in 65 cases (26 ALD patients, 28 HCV patients and 11 NAFLD patients, p = 0.2) and outside the 6 months surveillance program in 20 cases. HCC was diagnosed within Milan criteria [16] in 68 cases (28 ALD patients, 28 HCV patients and 12 NAFLD patients, p = 0.14). Three hundred and seventy-nine patients (51% of the whole study population) died during the follow-up. Causes of death were liver-related in 250 patients (66%), non-liver related in 123 patients (32%) and unknown in 6 patients (2%). Among the non liver-related deaths, 39 were related to extra-hepatic malignancies, 7 to strokes, 26 to cardiovascular diseases, 12 to advanced pulmonary diseases, 13 to accidental deaths and 26 to other causes. Among the 379 patients who died, there were 273 ALD patients (53% of all ALD patients), 78 HCV patients (55% of all HCV patients) and 28 NAFLD patients (36% of all NAFLD patients) (p = 0.01). Among ALD patients, cause of death was HCC in 12 cases (5% of deceased patients), decompensation of cirrhosis in 178 cases (65%), and non liver-related in 80 cases (29%). Among HCV patients, causes of death were HCC in 21 cases (27% of deceased patients), decompensation of cirrhosis in 25 cases (32%), and non liver-related in 30 cases (38%). Among NAFLD patients, causes of death were HCC in 4 cases (14% of deceased patients), decompensation of cirrhosis in 10 cases (36%), and non liver-related in 13 cases (46%) (p<0.001). Age at death was lower for ALD patients than for HCV or NAFLD patients (61 vs. 76 vs. 77 years, respectively; p<0.001).
Twenty-seven patients (4% of the whole population) underwent a liver transplantation during the study period, 17 ALD patients, 8 HCV patients and 2 NAFLD patients.
Cumulative incidence of HCC and factors predicting HCC S2 Table provides the 5 and 10-year cumulative incidence rates of HCC in patients with ALD, HCV and NAFLD-related cirrhosis. The 10-year cumulative incidence rates of HCC were significantly lower in ALD patients than in HCV or NAFLD patients (8.4% vs. 22.0% vs. 23.7%, respectively, p<0.001; Fig 2) . The annual cumulative risks of HCC were 1.1%, 2.9% and 3.1% in ALD, HCV and NAFLD patients, respectively.
In time-dependent multivariate proportional hazards models, factors associated with the development of HCC were older age (HR: 1.03; 95% CI, 1.00-1.06; p = 0.03), gender (HR for male gender: 2.41; 95% CI, 1.39-4.15; p = 0.002) and etiology of cirrhosis (HR for ALD: 0.39; 95% CI, 0.20-0.76; p = 0.005) ( Table 2 ). In subgroup analysis restricted to Child-Pugh A patients (n = 473), factors associated with the development of HCC were gender (HR for male gender: 3.57; 95% CI, 1.83-6.96; p<0.001), the presence of diabetes (HR: 1.77, 95% CI: 1.00-3.15, p = 0.05), and etiology of cirrhosis (HR for ALD: 0.37; 95% CI, 0.18-0.77; p = 0.008) (S3 Table) .
In patients with ALD-related cirrhosis, 189 patients discontinued any alcohol intake within the first 12 months following inclusion. Cumulative incidence rates of HCC among abstainers and consumers are presented in S1 Cumulative incidence of mortality and factors predicting death S4 Table provides the 5 and 10-year cumulative incidence rates of mortality in patients with ALD, HCV and NAFLD-related cirrhosis. The 10-year cumulative incidence rates of mortality were numerically higher but not significantly different in ALD patients than in HCV or NAFLD patients (58.1% vs. 47.7% vs. 49.9%; p = 0.078, Fig 3A) . The annual cumulative incidences of mortality were 8.3%, 7.0% and 7.0% in ALD, HCV and NAFLD patients, respectively.
S5 Table provides the 5 and 10-year cumulative incidence rates of liver-related mortality in patients with ALD, HCV and NAFLD-related cirrhosis. The 10-year cumulative incidence rates of liver-related mortality were significantly higher in ALD patients than in HCV or NAFLD patients (42.0% vs. 29.6% vs. 26.8%, respectively; p = 0.007, Fig 3B) . The annual cumulative risks of liver-related mortality were 5.9%, 4% and 3.2% in ALD, HCV and NAFLD patients, respectively.
In time-dependent multivariate proportional hazards models, factors associated with all cause mortality were older age (HR: 1.05; 95% CI, 1.04-1.06; p<0.001), gender (HR for male gender: 1.36; 95% CI, 1.10-1.69; p = 0.005), etiology of cirrhosis (HR for ALD: 1.53; 95% CI, 1.20-1.95; p<0.001), baseline Child-Pugh score (HR: 1.16; 95% CI, 1.09-1.23; p<0.001) ( Table 2 ). Factors associated with liver-related mortality were older age (HR: 1.03; 95% CI, 1.02-1.04; p<0.001), gender (HR for male gender: 1.38; 95% CI, 1.05-1.80; p = 0.02), etiology of cirrhosis (HR for ALD: 1.38; 95% CI, 1.00-1.91; p = 0.05), baseline Child-Pugh score (HR: 1.24; 95% CI, 1.16-1.32; p<0.001) ( Table 2 ). In subgroup analysis restricted to Child-Pugh A patients, factors associated with all-cause mortality were older age (HR: 1.06; 95% CI, 1.04-1.07; p<0.001), etiology of cirrhosis (HR for ALD: 1.90; 95% CI, 1.42-2.53; p<0.001), and baseline Child-Pugh score (HR: 1.77; 95% CI, 1.27-2.47; p<0.001) (S3 Table) . Factors 
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Hazard ratio (95% CI) Table) . Cumulative incidence rates of death and liver-related death among patients with ALDrelated cirrhosis according to abstinence are presented in S3 and S4 Figs. Compared to patients with HCV-or NAFLD-related cirrhosis, abstainers had similar 10-year cumulative incidence rates of mortality (42.2% vs. 47.7% vs. 49.9%, respectively; p = 0.14, S5 Fig) 
Discussion
Cirrhosis is a major public health problem that requires precise prognosis assessment [9, [17] [18] [19] . Studies focusing on patients with severe chronic liver disease usually consider cirrhosis as a unique disease despite the fact that clinical characteristics and outcomes differ according to the etiology of the underlying liver disease. This current study compared the outcomes among 752 patients with ALD, HCV or NAFLD-related cirrhosis during a long period of time. Two main conclusions can be drawn.
The most important finding is that ALD was independently associated with a worse prognosis than HCV infection or NAFLD. Although cumulative incidences of overall mortality were not statistically different between patients, multivariate analysis identified ALD as an independent risk factor for mortality. This result, that may seem surprising, is due to complex and opposite relationship between prognostic factors and survival. If related factors have opposite effects on survival, the univariate effect of each factor is highly confounded [20] . In this analysis, ALD patients were younger than HCV or NAFLD patients, so that, in univariate analysis, the positive survival effect of younger age was confounded by the negative effect of ALD as a cause of cirrhosis, and the univariate test was not significant. However, this conclusion was drawn from the overall analysis which included ALD patients regardless their alcohol intake during follow-up. Large differences were observed in the cumulative incidence rates of mortality between abstainers and consumers. When separating ALD patients according to their alcohol intake, abstainers had similar mortality rates to those of HCV and NAFLD patients. Thus, the poorer prognosis of ALD patients only concerns active consumers. In line with this comment, viral eradication was achieved in a small proportion of HCV patients and was also associated with a reduced mortality. Considering recent progress being made in viral eradication in HCV patients, the prognosis of patients with HCVrelated cirrhosis will likely improve in the coming years. By contrast, no etiological treatment of cirrhosis was available for NAFLD patients. Unfortunately, it was not possible to include abstinence or viral eradication in the multivariate analysis as these data only concerned ALD or HCV patients.
The negative impact of ALD on survival of cirrhotic patients has already been observed in one study [21] but not in some other studies [3, 4] . In the first study, a multivariate analysis was not performed. In the latter 2 studies, the lack of impact of ALD on patient prognosis could be explained by a short follow-up period or a limited number of patients. Our study overcomes these limitations by including a large number of patients followed over a 21-year period and by using accurate statistical methodology for assessing patient prognosis, as recommended [11] . The reasons why ALD-related cirrhosis is associated with higher mortality are manifold. First of all, ALD patients had a more severe liver disease at initial presentation, a feature associated with higher mortality rates [22] . In addition, severe acute alcoholic hepatitis, a complication encountered in up to 30% of ALD patients, is associated with a high short-term mortality [23] . Lastly, heavy alcohol intake may worsen the prognosis of serious infections by inducing inappropriate immune response and impaired T lymphocyte cell function [24] .
It is often stated that HCC is the main cause of death in patients with cirrhosis [25] . This is clearly not the case in patients with cirrhosis related to ALD. In this study, only 2.3% of patients with ALD-related cirrhosis died from HCC. This is explained by the lower risk of HCC in patients with cirrhosis related to ALD than in those with cirrhosis related to chronic HCV infection or NAFLD. If the incidence of HCC among ALD patients may appear low compared to other studies [26] , a similar incidence has been reported in others [3, 4] . Of note, the lower incidence of HCC among ALD patients does not seem to be related to a lack of compliance in HCC screening as the percentage of HCC diagnosed during surveillance with Doppler ultrasonography examination performed every 6 months or within the Milan criteria did not differ compared to the one observed in HCV and NAFLD patients. Even if we cannot exclude the possibility that HCC could have developed in some consumers in whom only data related to death and causes of death were available, this seems unlikely. In addition, the proportion of patients at risk of developing HCC during follow-up did not differ significantly in ALD patients compared to HCV and NAFLD patients. Several lines of evidence indicate that ALD patients have a reduced risk of HCC compared to HCV or NAFLD patients. Firstly, ALD patients were 10 years younger than NAFLD or HCV patients at inclusion, and age is a wellknown risk factor for HCC. Hence, the extent of reduction in the risk of HCC observed among ALD patients may be more related to their younger age than to the underlying liver disease itself. Secondly, HCC may complicate HCV infection and NAFLD before cirrhosis occurs, which indicates that cirrhosis is not the only risk factor for HCC in these patients [27] . Thirdly, diabetes mellitus and insulin resistance are frequently encountered in HCV or NAFLD patients and are associated with a higher risk of HCC [28] . Lastly, HCV has direct oncogenic properties [29] . Considering the low incidence of HCC in ALD patients and the fact that nearly half of these patients presented decompensated cirrhosis precluding the feasibility of a curative treatment for HCC, the impact of HCC surveillance on mortality remains to be established in ALD patients.
We acknowledge that our study has several limitations. Firstly, some patients may have been misclassified. This may be particularly relevant for patients with cirrhosis related to NAFLD. However, causes of cirrhosis were determined using a set of clinical, biological, serological and histological data. Most of these data were confirmed on several occasions during the follow-up period. Thus, it is unlikely that the main cause of cirrhosis was wrongly identified. Secondly, data related to the presence of esophageal varices, MELD score, BMI or smoking habits were not available in all patients. When the registry began, MELD score was not yet used as the main criteria for organ donor allocation. However, based on the current literature, MELD score does not perform better than Child-Pugh score in non-transplant settings for predicting the prognosis of patients with cirrhosis [30] . Thirdly, the management of patients with cirrhosis has significantly changed during the study period. On the other hand, all patients were followed by the same physician according to existing practice guidelines regardless of the etiology of cirrhosis. In addition, the year of inclusion was associated neither with overall mortality nor with liver-related mortality (data not shown). Fourthly, few patients underwent a liver transplantation, which may be explained by the low numbers of donors in Belgium, the lack of abstinence and the presence of other comorbidities among ALD patients, or the age of HCV patients when HCC occurred. Fifthly, this study had no external validation cohort. Hence, the conclusion of our study cannot be applied to other centers in which the epidemiology of liver disease differs and our findings should be confirmed in further studies. Finally, in this study designed to assess patients' prognosis in real life settings, we cannot exclude the existence of a lead-time bias leading to earlier diagnosis of cirrhosis in patients with rapid disease progression. However, a significant impact of a lead-time bias on our results seems unlikely when considering that the median age at death was 15 years lower in ALD patients compared to other patients. Conversely, our study has several robust strengths. First, since patients were included in a single center, at the outpatient clinic by a sole investigator, it could be expected that the inclusion process was exhaustive, homogeneous and rigorous according to well defined criteria. In addition to the long follow-up period and the high number of patients included, only 14 of them were lost to follow-up. As a result, detailed analysis of the causes of death was performed, enabling us to study all causes of mortality as a single outcome as well as liver-related mortality using cumulative incidence functions, as recommended [11] .
In conclusion, patients with cirrhosis related to ALD have a lower incidence of HCC but die more frequently from decompensation of cirrhosis than patients with cirrhosis related to chronic HCV infection or NAFLD. Cirrhosis related to ALD should be considered as a condition associated with a poor outcome. This population should deserve specific patient care focused on the management of complications related to liver failure. The impact of HCC surveillance on mortality remains to be established in ALD patients. 
